Zinc supplementation in children in endemic area of zinc deficiency had been reported of growth enhancement; however, the results were inconsistence. This study aimed to evaluate the efficacy of zinc supplementation on growth of school-aged children. A randomized double-blinded controlled trial was conducted in 140 Thai school children. Placebo or zinc bisglycinate (15 mg element zinc) were taken on school day for 6 months. Pre-and posttreatment anthropometric parameters were recorded. Changes in height from the baseline was considered as the primary outcome whereas, changes in other anthropometric parameters were considered as the secondary outcomes. The mean age was 8.9 years; baseline anthropometric data were not significant different between groups. At the end of study, children in zinc group had significantly higher gain in height (5.6±2.4 vs 4.7±1.4 cm, respectively; P=0.009) and height Z-score (0.45±0.37 vs 0.37±0.27, respectively; P=0.048) than children in control group. No significant differences of other anthropometric parameters were observed. In conclusion, zinc supplementation increased linear growth in Thai schoolaged children over a 6-month period but it had no effects on other anthropometric parameters.
Introduction
Zinc (Zn) is an essential trace mineral necessary for the proper functioning of multiple aspects of metabolism. It is present in numerous metalloenzymes, including major enzyme-classes. Chelation of Zinc with amino acids cysteine and histidine forms zinc fingers, which are important domains involved in in mRNA transcription. 1 Zinc also regulates the expression of the metallothionein gene, apoptosis and synaptic signaling. Therefore, zinc plays a critical role in many biochemical pathways and physiological processes in the body including cell growth, cell differentiation and metabolism and reproduction. 2 Zinc deficiency is characterized by growth retardation, loss of appetite, and impaired immune function. In severe cases, zinc deficiency can result in hair loss, diarrhea, delayed sexual maturation, impotence, hypogonadism in males, and eye and skin lesions. 3, 4 Zinc deficiency in children is responsible for an increased risk of limited growth, developing diarrheal diseases and acute lower respiratory tract infections. [5] [6] [7] Zinc deficiency is common in the developing countries. [8] [9] [10] Thailand is classified as a medium risk country for zinc deficiency, since the prevalence of zinc deficiency is estimated to be more than 40% in Thai population. 11 Currently, the results of supplementing zinc and its impact on health are not clear. Although several studies and meta-analyses are available on this topic, the differences in the study protocols make it difficult to establish the role of zinc supplementation on health. 12, 13 However, there is a general consensus that benefits of zinc supplementation in areas of high deficiency outweigh the harms. 14 There are few studies investigating the effect of zinc supplementation in school-aged children. There are very few studies conducted on the effect and outcomes of zinc supplementation in Thailand, despite Thailand being an endemic area of zinc deficiency among population. In this study, we aimed to establish the effect of zinc supplementation on growth of schoolaged children.
Materials and Methods

Study design and subjects
This study was a double-blind randomized controlled trial conducted in a public school in Ongkharuck district in a central Thailand from June-December 2013. Healthy schoolchildren studying in grade 1-6 were assessed for eligibility to participate in the study. Children with a known history of chronic illnesses such as chronic liver or renal diseases, congenital heart abnormalities, chronic respiratory disorders, neurological conditions and disorders, behavioral or psychiatric problem or diabetes mellitus were excluded from the study. Children regularly taking vitamin or mineral supplements and those known to be allergic to vitamin and mineral supplements were also excluded from the study. The study was conducted in compliance to the principles of the Declaration of Helsinki. The study protocol was approved by the ethics committee of the Faculty of Medicine, Srinakharinwirot University. Before enrolment, a written informed consent and assent was obtained from parents or legal guardians and children, respectively. Children were allowed to withdraw from the study at any time and the reason for withdrawal was recorded. The enrolled children were randomized to the zinc or placebo group by a computerized program (GraphPad QuickCals) using a block of two by a statistical consultant who was not involved in the implementation phase of the study. The investigators, teachers, children and parents were masked to the intervention. The code to the randomization sequence was opened only after study completion. This study is registered into the Thai Clinical Trials Registry (Trial number: TCTR20130000003).
Intervention
On each school day, children in the zinc group were given a sachet of 15 mg elemental zinc in form of zinc bisglycinate powder (Qualimed, Thailand) which was dissolved in a glass of plain water before consumption for a period of 6 months. The percentage of zinc in zinc bis-glycinate is 25%. The supplementation powder was not provided during school holidays or in school-absence days. Children in placebo group were given placebo powder which was prepared by the same company in the identical package, color and taste. Placebo solution was prepared in a similar manner by dissolving in water. Children and parents were instructed not to take any vitamin or mineral supplements during the study period.
Data collection and monitoring
Baseline demographic characteristics including weight, height, waist and hip circumferences, mid-upper arm circumference (MUAC), skin fold thickness and body fat composition were measured by a trained staff. Weight was measured to the nearest 100 grams using an electronic scale (Tanita Body Composition Analyzer, Model BF-680W, Tokyo, Japan). Height was measured to the nearest 0.1 cm using a height rod (Seca, Model 220, Hamburg, Germany). To compare individual growth status of children of different age and sex, weight for age Z-score (WAZ) and height for age Z-score (HAZ) were calculated using the Thai child growth standard. 15 Waist circumference was measured at the midpoint between the lower costal margin and the top of iliac crest while the subject was in the standing position using a non-stretch tape. Hip circumference was measured to the nearest 0.1 cm in the standing position at the maximum circumference over the buttock. MUAC was measured at the mid-point between olecranon process and the acromion process of the left arm. Biceps and triceps skinfold thickness were measured over the biceps and triceps muscle, respectively, at the same level as mid arm circumference measurement using a Lange skinfold caliper. Subscapular skinfold thickness was measured at the lower angle of the scapula of a relaxed left arm using the same caliper. Supra-iliac skinfold thickness was measured at the mid axillary line just above iliac crest on the left side. Body fat composition was measured by bioelectric impedance analysis (Tanita Body Composition Analyzer, Model BF-680W, Tokyo, Japan). Weight and height were measured at one-month intervals, while the waist and hip circumferences, MUAC, skinfold thicknesses and body fat composition were measured at the end of study by the same staff using same scales. Adverse events and compliance with treatment were monitored at each visit based on parent reports and drug counts, respectively.
Outcome measurements
The primary outcome was the improvement of linear growth at the end of study from baseline. Linear growth was assessed by individual gross height gain and improvement of HAZ from baseline. Changes of other anthropometric characteristics including weight, circumferences and skinfold thickness were considered as secondary outcomes.
Sample size
To provide the study with a statistical power of 80% and a two-sided type I error of 0.05 to detect a 15% increase in height in the treatment group from the average height gain in the control group of 4.5cm (SD 1.2) 16 , a sample size of 51 per group was required. Allowing for a dropout of 30%, we planned to enroll 140 children (70 in each group).
Statistical analysis
The normality of distributions of continuous data was assessed by KolmogorovSmirnov test. Normally distributed variables were descriptively presented as means and standard deviations. Non-normally distributed variables were descriptively presented as medians and interquartile ranges. Pearson's chi-square test was used to compare categorical variables between groups. Normally distributed continuous variables were compared using Student's t-test whereas non-normally distributed variables were compared by Mann-Whitney U test. Statistical analysis was performed using SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL). A P-value less than 0.05 was considered statistically significant.
Results
186 children were approached for participation in the study and 140 children accepted to be enrolled in the study ( Figure  1 ). 70 children were randomized in to each study group. From the 140 children who were randomly assigned to the two groups, 10 children (4 in zinc group and 6 in placebo group) withdrew from the study within the first month due to concerns raised by the parents. Data from 130 children were included into the final analysis. From this group of 130 children, 2 children from the placebo group discontinued the study after the 3 rd month follow-up due to relocation to a different school. Data obtained until dis- continuing the study were used for the final analysis. Compliance was good and similar in both groups with 82% of medication taken in zinc group and 84% by the placebo group (P=0.44).
Baseline demographic characteristics are shown in Table 1 . Half of participants were boys with the mean age of 8.9 years (range: 5.7-12.8 years). There were no significant differences in terms of age, sex, weight, height, waist and hip circumferences, skin-fold thicknesses and body fat composition between the two groups. Table 2 indicates the anthropometric data at the end of the study as well as the changes in each group during the study. At the end of the study, children in the zinc group were heavier than the children in the placebo group children but the differences of gross weight and weight Z-score were not significant. Gross weight gain after 6 months of study was 3.3±2.2 kg in zinc group and 3.2±2.2 kg in placebo group (P=0.865) and weight Zscore increased in both groups by 0.22±0.34 and 0.26±0.24, respectively (P=0.501). At the end of study, children belonging to the zinc supplementation group were taller than placebo group children without a statistically significant difference (133.3±13.6 cm and 130.1±11.6 cm, respectively; P=0.153). However, when we compared the height Zscore, zinc supplementation group were significantly taller than the placebo group (0.06 and -0.40, respectively; P=0.013). Gross height gain and height z-score gain were significantly higher in the zinc group children than in the placebo group (height gain: 5.6±2.4 cm in Zinc group and 4.7±1.4 cm in placebo group; P=0.009, height Z-score gain: 0.45±0.37 in Zinc group and 0.37±0.27 in placebo group; P=0.048). Other anthropometric parameters including waist and hip circumference, skinfold thickness and body fat composition increased from the baseline in both groups, however, there were no significant differences between study groups.
No major adverse events were reported for the study; three children in zinc group and 2 children in placebo group reported mild symptoms (nausea, mild abdominal pain and headache). These symptoms were resolved within a couple days, without any specific intervention and these children could complete the 6-months trial. 
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Discussion and Conclusions
The results of this double blind, randomized controlled trial indicated that zinc supplementation had a significant effect in improving the linear growth in Thai schoolaged children. We did not find any significant effects on the body weight or body composition (skin fold thickness and body circumferences) when compared to placebo.
Previous studies and meta-analyses on the effects of zinc supplementation in enhancing children growth had inconsistent outcomes. Brown et al. 2, 17 reported positive results on linear growth in 2 series of metaanalyses. However, Ramakrishnan et al. 18 reported no benefit of increased height after zinc supplementation in children aged less than 5 years in a recent meta-analysis. However, most studies that included in the meta-analysis were studied in young aged children.
The present study confirmed the results on the efficacy of zinc supplementation for enhancing the growth of school-aged children of previous trials in selected populations. 16, 19 Ronaghy et al. 19 reported that 40 mg of zinc supplement in form of zinc carbonate given with other nutrients (protein, lipid, vitamins and minerals) led to a significant increase in height and weight in Iranian malnourished school-aged boys. Interestingly, the improvements in body weight and height were not significant in the first 6 months of the study. However, at the end of the study after 12 months, the effect of zinc supplementation was significant in improving the body weight and height of the subjects. Our study lasted a total of 6 months and shows the positive effect of zinc in the first 6 months, in contrast to the findings of Ronaghy et al. 19 The dosage of zinc in the present study was approximately 2-3 times of the recommended daily allowances, as used for treatment of zinc deficiency. 20 The differences in results between our findings and those reported by Ronaghy et al. can be attributed to the different forms of zinc supplements used. We used a chelated zinc supplement which has a high absorption rate when compared to the zinc carbonate used in the Iranian study. Moreover this 1:2 metal to ligand ratio limit the inhibition of metal absorption by with dietary component and is not involved in oxidative reactions. 1 Furthermore, the study by Ronaghy et al. only had male subjects and the study was conducted on malnourished children which growing in the controlled group that had caloric and other nutrients supplementation may enough to increase growth in the early stage (first 6 months) and the significant difference in growth will found in the later period after zinc storage expired. Another study that supported the efficacy of zinc supplementation in school-aged children was reported by Castillo-Duran et al. 16 This group studied the effect of 10 mg zinc sulphate supplementation on idiopathic short stature. This study, which again included only boys found a positive effect of zinc supplementation on the on gross height gain and height z-score gain in pre-adolescent boys. Friis et al. 21 found that zinc supplementation of 30 or 50 mg had significant positive effects on gross weight gain, weight z-score and arm muscle area at a shorter time period of 3 months. But this positive effect was not observed at a longer time period of 9 months in Zimbabwean pre-adolescent and adolescent. As the subjects were adolescent, the effect of zinc supplementation may not show a significant difference as the increase in height in adolescents depends on a number of factors including growth hormones and the differences in the age at the beginning of height spurt. Pre-adolescent age is less influenced by such factors and a comparison of height for age dependent Z-score change, as in our study, helps to limit the factors related to age dependence. In another study by Cavan et al., 22 a supplement of 10 mg/d of zinc as an amino acid chelate along with vitamins and minerals was compared to the control group supplemented with vitamins and minerals alone in Guatemalan children. The results of this study indicated that zinc supplements help to improve the body composition indices which included triceps skinfold and mid-arm circumference. No significant influences were observed on the height of the participants. This protocol is different in comparison to our protocol as our study does not include vitamin and mineral supplements. It has been generally observed that zinc supplementation in children less than 5 years of age has a significant positive effect on the on linear growth, especially when administered independently. 23 However, the data on children in the preadolescence age, as in the case of our study, is insufficient to make any conclusions regarding the effects of zinc supplementation on the linear growth of children. We suggest for further study to make a strong recommendation.
In contrast to the above studies reporting a positive impact of zinc supplementation on growth in school aged children, there are some studies reporting an inefficacy of zinc supplementation. Mahloudji et al. 24 compared the efficacy of zinc and iron supplements to iron supplementation alone on growth enhancement in school-aged children. This study failed to demonstrate the efficacy of zinc and iron supplements on the growth or bone development. These suggest a counteractive effect of supplementation of two metals as the reason for inefficacy on the growth parameters, resulting in the negative outcomes. Evaluation of the plasma zinc concentrations by the authors also suggested that it was not a good indicator for zinc levels in the body as plasma zinc levels were not found to differ in the zinc supplemented group. The study underlines the importance of the study protocol and its impact on efficacy. Keeping in line with the findings of this study, we decided to adhere to a single supplementation for clarity of the results. Smith et al. 25 studied the effect of zinc supplementation in aboriginal Australian children, partly comprising of adolescents and found no effect of zinc on the growth rates. The study calls for caution while interpreting the results of zinc supplementation as a part of the trial participants population were growth retarded with low plasma levels of zinc and might have other dietary deficiencies during the period of the study.
Apart from the above studies, there are two reports from Thailand: a study by Udomkesmalee et al. 26 in 1992 and another one from Wasantwisut et al. 27 in 2006 on the effect of zinc supplementation in Thai children. Both studies have used a protocol different from the current study. Udomkesmalee et al. 26 used zinc and/or vitamin A supplementation in school-aged children with low plasma levels of retinols and zinc. Their primary objective was to determine the biochemical and functional indices (visual restoration time) after vitamin A and zinc supplementation. The study concluded that zinc levels and visual function were improved after supplementation, however, they gave no details on the inefficacy of both supplements on growth. Wasantwisut et al. 27 studied of zinc and/or iron supplementation in infants aged 4-6 months old. This age group is different from the age group of children targeted in our study. The results concluded that zinc supplements improved serum zinc levels without any effect on the growth.
The chemical form of zinc determines its bioavailability and hence the amount that is absorbed and assimilated from the intestines after digestion. Zinc is found as organic complexes with protein in meats, and as inorganic salts in plant foods. 28, 29 However, no isotopic studies have been carried out to assess the bioavailability of these different forms of zinc. Chelation of zinc to amino acids is known to improve the bioavailability of zinc as a result of increased solubility, 30 in comparison to the inorganic forms of zinc as zinc sulfate. Zinc supplements sometimes result in symptoms including nausea and vomiting, epigastric pain, abdominal cramps, and diarrhea, 31 and these effects were minimized when we used amino acid chelates in our study.
Our present study has some limitations as we did not analyze the plasma zinc levels, which could provide an understanding regarding the effect of supplementation on actual increases (if any) in blood. Plasma zinc measurement requires blood sampling (venepuncture) which is invasive and not well accepted by children and guardians. Thailand is classified by the International zinc Nutrition Consultative Group (IZiNCG) as a medium risk country of zinc deficiency in which the prevalence of zinc deficiency is estimated to be more than 40% in Thai population. 11 Assessment of zinc status is difficult as it is associated with multiple metabolic functions and biochemical functions. Analysis of plasma zinc levels are also not regarded as a precise and sensitive method for zinc status. 32, 33 Plasma levels of zinc are expected to change several weeks after zinc depletion and therefore the plasma levels do not represent the levels during examination. 34, 35 Moreover, plasma zinc levels may not increase after zinc supplementation as has been previously reported. 29 Moreover, differences in conditions such as food intake, endotoxemia, infection, steroids use, and plasma volume expansion may interfere with the interpretation of plasma zinc levels. 33, 36 Since there is a lack of reliable methods to assess zinc deficiency, it has been suggested that supplement trials should be used to define the extent of zinc deficiency. 37 Another limitation of our study is that we did not evaluate the dietary intake of the participants. Zinc absorption is inhibited by high intake of dietary phytates or concomitant intake with other minerals, thereby affecting zinc bioavailability. 38 However, all dietary assessment methods have a limitation in usage and may not accurate in assessment especially for children. 39 We controlled our study by blinded randomization and advised children not to take any test medications with the meals. Participants were also advised to avoid the intake of additional vitamins or mineral supplements during the study period.
As a recent meta-analysis of the effects of zinc supplementation showed a small but highly statistically significant, positive impact on children's linear growth and weight gain and a marginal effect on weight-for-height, 17 a larger, multi-centric study at multiple end points would better clarify the exact role of zinc on the growth parameters of school aged children.
Interestingly, the meta analysis by Brown et al. 17 attributed the heterogeneity in the results of zinc supplementation to concurrent supplementation with iron and vitamin A. Trials with controls for each type of supplementation as well as their additive effect on the growth would be able to answer the presently open questions regarding zinc supplementation.
In conclusion, zinc supplementation improved linear growth (height) in healthy school-aged children without significant adverse event found. Zinc supplementation should be considered as a routine strategy to improve and reduce stunting in school-aged children in endemic area of zinc deficiency.
